JOURNAL OF THE EXPERIMENTAL ANALYSIS OF BEHAVIOR

1997, 68, 399-410

SEXUAL REINFORCEMENT IN
THE FEMALE RAT

T. JAMES MATTHEWS, MIHAELA GRIGORE,
LIANA TANG, MimMI DOAT,
LEe-MING Kow, AND DoONALD W. PFAFF

NEW YORK UNIVERSITY AND
ROCKEFELLER UNIVERSITY

Sexual reinforcement in the female rat was studied in a preparation that allowed continuous operant
responding for access to a male rat leading to intromission. Experiment 1 used a high operant level
nose-poke response to test the possible reinforcing effects of some components of access to a male.
A simple tone stimulus used as a conditioned reinforcer and two odor stimuli, target male bedding
and emulsified preputial gland, were tested. None of these contingent events altered responding
above or below operant level. Access to the male, which was always accompanied by intromission,
immediately increased response rate when it was made contingent upon the nose-poke response.
Performance on fixed-ratio schedules was erratic, and response rate was low in comparison to typical
food-reinforced responding. An interresponse-time analysis indicated, however, that some effect of
the ratio contingency may have been present. In Experiment 2, several modifications of the proce-
dure were tested with the objective of creating a more tractable preparation for behavior analysis.
Response type and the hormone delivery method were changed, and 2 target males were used
instead of 1. The latter tripled the average number of reinforcers earned in a single session. Differ-
ences between sexual and other reinforcers are discussed in terms of procedural, quantitative, and
motivational aspects of the sexual reinforcement procedure.
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The analysis of the control of operant be-
havior by positive reinforcers has been con-
cerned very largely with the effects of food as
a reinforcer. Although we now have a virtual
mastery of the ways in which food reinforcers
can be used to manipulate operant behavior,
there remains an uncertainty as to the extent
to which this body of knowledge is particular
to food reinforcers. Food is an ingestive ho-
meostatic reinforcer. The available evidence
suggests the other major ingestive homeo-
static reinforcer, water, has similar functional
properties. Although there are reliable differ-
ences in the detailed form of food- and water-
reinforced operants (Allan & Matthews, 1989;
H. Jenkins & Moore, 1973; Papadouka &
Matthews, 1995), water supports rapid acqui-
sition of an operant and sustains behavior on
extended schedules of reinforcement with
similar, although not identical, performance
patterns in response to particular schedule
requirements (Hogan & Roper, 1978). Over-
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all, water is behaviorally quite similar to food
in comparison to other types of reinforcer.
Thermal reinforcement, which is a non-
ingestive homeostatic reinforcer, may have
functional properties that are distinct from
the ingestive reinforcers. It has been shown
to support responding on fixed-ratio (FR)
schedules no larger than 25, and there has
been little indication of temporal discrimi-
nation on differential-reinforcement-of-low-
rate schedules (Matthews, 1968*). In studies
with parametric manipulations sufficiently
broad to allow reasonable comparisons across
qualitatively different reinforcers, manipula-
tions of food and water deprivation (drive)
produce large effects that do not subside over
sessions (Carlton, 1961; Clark, 1958; Ferster
& Skinner, 1957; Shull & Brownstein, 1968).
Manipulation of the reinforcer stimulus mag-
nitude parameter (incentive) produces weak-
er effects on responding that tend to subside
over sessions and are subject to contrast en-
hancement and depression when reinforcer
magnitude is abruptly shifted (Black, 1969).

1 Matthews, T. J. (1968). Schedules of intermittent thermal
reinforcement in the rat. Paper presented at the meetings
of Eastern Psychological Association, Atlantic City, NJ.
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Thermal reinforcement generates a far more
robust drive effect (Matthews, 1971) and a far
weaker incentive effect (Matthews, Pinsky, &
Storax, 1974). Overall, the parametric effects
of thermal reinforcement are more similar to
those of electric shock escape (Fantino, 1973)
than to food reinforcement.

Sexual reinforcement represents yet anoth-
er type of motivational system; it is noninges-
tive and nonhomeostatic. Unlike stimulus re-
inforcement (Hogan & Roper, 1978) or
running-wheel activity (lversen, 1993), which
are also noningestive and probably nonho-
meostatic, sexual reinforcement is very tightly
tied to biological survival throughout the spe-
cies of interest for behavior analysis. As Craw-
ford, Holloway, and Domjan (1993) have
summarized, there has been relatively little
work on the behavioral properties of sexual
reinforcement.

Various measures have been used to assess
the reinforcing properties of sexual contact
in animals. In the earliest studies, female rats
crossed an electrified grid to gain access to
the male (M. Jenkins, 1928; Nissen, 1929;
Warner, 1927). Crossings were very slow and
were restricted to the peak period of the es-
trus cycle. Running responses have been
shown to increase in rate with sexual rein-
forcement for female rats, even if intromis-
sion is not allowed (Eliasson & Meyerson,
1975). Various preference tests have been
used to identify the reinforcing properties of
targets. T-maze choice tests (Kagan, 1955;
Whalen, 1961) and a two-lever choice proce-
dure (French, Fitzpatrick, & Law, 1972) have
shown stable preferences in females, even be-
tween two sexually responsive male targets.

Using a bar-press response, Bermant
(1961) replicated the “pacing’ effect in
which the latency of the female’s postcopu-
latory return to the male increased as the in-
tensity of the previous sexual encounter in-
creased. Simple mounting was followed by
short latencies to return to the male, whereas
intromission and ejaculation were followed by
longer latencies (Pierce & Nutall, 1961; see
Erskine, 1989, for a review). This effect is like-
ly to be related to aversive aftereffects of the
sexual encounter. In fact, Bermant also
showed an attenuation of the return delay fol-
lowing an intense encounter when the fe-
male’s vaginal area was treated with a topical
anesthetic. Thus, tactile stimulation of the
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genital region is probably not an unequivo-
cally positive component of sexual reinforce-
ment in the female. This result stands in dis-
tinction to the more familiar incentive effect,
in which the strength of responding is stron-
ger following a more intense reinforcer. This
difference could be resolved by testing sub-
jects trained on a sufficiently intermittent re-
inforcement schedule to minimize postrein-
forcement effects on response rate.

Few experiments have applied reinforce-
ment schedules to the analysis of sexual re-
inforcement, a technique that has been very
helpful in the analysis of other reinforcers.
Kevern (1976) used FR schedules of copula-
tory access to males for bar pressing by fe-
male rhesus monkeys. Although there was a
clear variation in responding with the estrus
cycle, the characteristic intermittent mating
pattern of primates did not lend itself to ex-
perimental analysis.

The present study is an initial exploration
of the functional characteristics of sexual re-
inforcers in a preparation that may eventually
allow comparisons to reinforcers from other
types of motivational systems. Rats were cho-
sen as subjects because their characteristic
sexual behavior lends itself to repeated pre-
sentations of reinforcement (Pfaff & Lewis,
1974). In a sexually active pair, the courtship
phase includes mutual genital and facial sniff-
ing followed by a hop-dart response by the
female that positions her at a short distance
from the male, facing away from him. The
male then approaches the female from the
rear, grasping her by the flanks with his fore-
paws. When mounted, the female flexes her
back and everts her tail, exposing the vaginal
orifice (lordosis). The male will then intromit
and quickly withdraw. This sequence is re-
peated at intervals of a few seconds to a min-
ute until the intromission is accompanied by
ejaculation. The usual number of intromis-
sions before ejaculation is between 5 and 12.
It is these intromissions that were used as the
reinforcer for the female’s operant behavior.

In the first study we examined the effects
of some elements of sexual reinforcement
that may contribute to its capacity to support
responding by the female. We also observed
performance on FR schedules of reinforce-
ment. In the second experiment, we used an-
other response type, the nose press, which
had a lower operant level. Also, we attempted
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Fig. 1.

In this test chamber shown from the top and side, the female is initially placed in the right compartment

and the target male in the left. On a correct response by the female, the partition is lifted and the push wall moved
forward to assure that the female goes into the male’s compartment and that the male does not come into the

female’s compartment.

to extend the number of intromissions that
can be presented in a test session by using 2
males as sexual targets.

EXPERIMENT 1
Method

Subjects. Six sexually naive female Long-
Evans rats purchased from Charles River were
used as subjects. They were bilaterally ovar-
iectomized by the vendor and were delivered
at approximately 225 g. The target rats were
6 sexually experienced male Long-Evans rats
who were described as retired breeders. Sub-
jects were housed in a reversed day/night cy-
cle room and were tested during the dark
phase of their cycle. Subjects’ cages were po-
sitioned in the room’s ventilation flow so that

the female’s exposure to male odors was min-
imized.

Each female’s sexual motivation was main-
tained by injections of 1 pg of estradiol ben-
zoate in an oil vehicle delivered on alternate
days throughout the study. Injections were ad-
ministered subcutaneously on the subject’s
back between the front shoulders.

Apparatus. The test chamber is shown in
Figure 1. The male’s and female’s compart-
ments were 45 cm by 30 cm by 30 cm and
were separated by a vertically removable par-
tition. The ceilings of both chambers were ac-
cess doors and the floor was covered with ro-
dent bedding. The rear wall of the female’s
compartment could be moved forward to the
partition and served both to move the female
into the male’s compartment and to prevent
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the male from entering the female’s com-
partment. All surfaces were constructed of
clear Plexiglas.

The operant was a nose-poke response that
in pilot work had a sufficiently high sponta-
neous rate of occurrence that shaping was
not required. The response was detected by
a photodetector mounted in a cylindrical
opening in the female’s side of the removable
partition wall. The cylinder was 2.5 cm in di-
ameter and 2 cm deep and its lower edge was
2 cm off the chamber floor. The infrared
light source and photocell were positioned
on either side of the cylinder opening and
were recessed 1 cm into the cylinder.

The odorant delivery system consisted of a
fish tank air pump that forced room air
through 0.5-cm Tygon tubing. The air was in-
troduced into the female’s chamber through
a 0.5-cm aperture on the rear surface of the
nose-poke cylinder. To assure that the stimu-
lus did not linger in the chamber, a 7-cm ex-
haust fan was mounted on the ceiling of the
female’s compartment and drew air through
holes in the chamber floor just along the
front wall of the chamber. Thus the room air
flow passed over the opening of the nose-
poke cylinder, quickly evacuating the odor-
ized air. A computer-controlled solenoid valve
system directed the air into the nose-poke cyl-
inder or out into the room so that pressure
did not build between odor presentations,
and the odor content of the air was stable.
Odors were added to the stream by passing
the air over odorants in a glass cylinder (5 cm
by 1 .5 cm) before delivery into the nose-
poke cylinder. The male bedding odorant
consisted of approximately 5 cc of bedding
taken from the target male’s home cage prior
to the test session. The preputial odorant
consisted of an emulsion of male preputial
gland that had been surgically removed from
sacrificed adult male rats available from an-
other study. The material was frozen shortly
after removal and emulsification and was
thawed before use in the experiment.

The tone was generated by a Sonalert® de-
vice located just behind the nose-poke cylin-
der within the removable partition. The tone
was approximately 1000 Hz and 70 db inside
the female’s compartment.

The presentation of the tone, the presen-
tation of odorants, and the detection and re-
cording of the nose-poke operant were con-
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trolled by a computer. The raising and
lowering of the partition, the movement of
the rear wall of the female’s compartment,
and the return of the female to her com-
partment following an intromission were all
executed by the experimenter.

Procedure. The initial stages of this experi-
ment were designed to determine whether
the effective aspect of the sexual reinforcer
was the physical encounter between the sub-
ject and target rats. In all sessions, the female
was placed in the female compartment and
was allowed to respond for 30 min. The con-
sequences of responding varied across ses-
sions and were as follows: Sessions 1 through
3, a 3-s tone presented immediately after each
response; Sessions 4 through 6, tone plus 3-s
stream of unodorized air, also presented for
3 s immediately following the response; Ses-
sions 7 through 9; tone plus air stream odor-
ized with male bedding; Sessions 10 through
16, tone plus air stream odorized with scent
of preputial gland; Sessions 17 through 38,
tone plus preputial-scented air plus sexual re-
inforcement.

Sexual reinforcement. The number of trials
per session was dictated by the number of in-
tromissions the target male made before ejac-
ulation, after which the male ceased ap-
proaching the female. Reinforcement began
with the sounding of the 3-s tone and the ini-
tiation of the 3-s flow of preputial scented air.
At the tone, the experimenter raised the par-
tition and moved the rear wall of the female’s
compartment forward to the partition. The
latency of the experimenter’s response al-
lowed time for the odorant to be sensed. The
forward movement of the rear wall both as-
sured that the female would move to the
male’s compartment and that the male would
not enter the female’s compartment. It was
rarely the case that the female was pushed
into the male’s compartment by the rear wall
motion.

The mean interval between the nose-poke
response and the return of the female to her
compartment was 53.5 s, and the mean min-
imum was 24.3 s. Following the raising of the
partition, the trained female moved directly
into the male’s compartment. The male then
variously approached, sniffed, mounted, and
eventually intromitted. The intromission was
reliably followed by a characteristic withdraw-
al of the male (Pfaff & Lewis, 1974), at which
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Fig. 2. Nose-poke response rates are shown for 6 subjects across five successively presented response contingencies.

They were a 3-s tone, a tone plus a 3-s presentation of air at the rear of the nose-poke cylinder, tone plus air scented
with bedding of a target male, tone plus air scented with an emulsion of male preputial gland, and tone plus access
to a target male ending with intromission. Over Sessions 17 to 38, responses were reinforced on FR schedules
proceeding from FR 1 to a value as high as FR 25. The response requirement was increased initially by one and later
by three to five after two successive sessions of apparently stable responding.

time the female could be removed conve-
niently from the male’s compartment. Upon
returning the female to her compartment,
the experimenter signaled the computer with
a hand switch that a new trial had begun.
The 6 target males were randomly assigned
to females on each session. If a male was not
responsive, he was replaced by another male.
In those cases, males tested early in the day
were reused in sessions later in the same test
day. Females were tested approximately every
other day on an irregular schedule.
Fixed-ratio schedules of reinforcement for the
nose-poke response. Over Sessions 17 to 38, re-
sponses were reinforced on FR schedules pro-
ceeding from FR 1 to a value as high as FR
25. The response requirement was increased
initially by one and later by three to five after

two successive sessions of apparently stable re-
sponding. Nonreinforced responses were fol-
lowed by a 0.2-s 1000-Hz tone. The frequency
and intensity of this tone were the same as
those of the 3-s tone that followed a rein-
forced response; the tone was introduced as
feedback for correct responses. No odorant
was presented following nonreinforced re-
sponses.

Results

Figure 2 presents response rates for indi-
vidual subjects in the five treatment condi-
tions. As is apparent, the response rates re-
mained low and stable through the first four
treatments, indicating a failure of those treat-
ments to effectively reinforce or suppress re-
sponding. The high spontaneous rate of
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Fig. 3. Cumulative records for Subjects 4 and 5 on FR schedules. Ten sessions at FR 25 are shown for Subject 4
and 10 sessions are shown for Subject 5, of which the last eight were at FR 18 and the initial 2 days were at FR 14
and FR 15. The downward pip mark indicates the time of the onset of the tone. The cumulative record did not
advance during the reinforcer, and thus the slope of the record indicates response rate only during time in the

female’s compartment.

nose-poke responding assured that at least 10
responses per session were followed by sched-
uled consequences.

With the introduction of sexual reinforce-
ment, however, response rates increased sub-
stantially for all subjects. An increase in rate
on the first introduction of sexual reinforce-
ment was seen for all subjects, and, over 22
sessions, response rates at least tripled for all
subjects.

Figure 3 shows cumulative records from 2
subjects. Response rates were quite slow in
comparison to what would be expected for
rats trained on comparable schedules of food
reinforcement, even with very low levels of
deprivation (Ferster & Skinner, 1957). With
regard to the grain of these records, it is
clearly apparent that the pattern of respond-
ing was highly irregular, not resembling the
usual postreinforcement pause-run sequence
expected with food-trained subjects (Ferster
& Skinner). Rather, it appears that breaks
may occur at any point during the trial.

It may be the case, however, that one aspect

of characteristic performance on ratio sched-
ules may have emerged. It appears from the
cumulative records that responding occurred
in relatively rapid runs (Ferster & Skinner,
1957), which may indicate that the ratio
schedule contingency had been at least par-
tially effective.

Figure 4 presents an interresponse-time
(IRT) analysis of the same data sets that are
presented in Figure 3. Response probability
corrected for opportunities is shown as a
function of time between successive re-
sponses or between the beginning of a trial
and the first response. The IRT axis is divided
into 2-s bins. It is evident that short IRTs oc-
curred in greater abundance than would
have been expected from random respond-
ing.

With sexual reinforcement, the duration of
sessions was determined by the number of in-
tromissions that occurred prior to ejaculation
by the male. The average number of rein-
forcers over all subjects was 5.4; individual av-
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Fig. 4. The data shown in Figure 3 are presented in an IRT analysis. The conditional probabilities of a response
at various IRTs divided into 2-s bins are shown for Subjects 4 and 5. IRTs less than 100 ms are disregarded. The data
for each animal are fitted by curves that are smoothed by averaging y values for adjacent x values into each y value.

erages were 4.90, 6.64, 4.62, 6.30, 5.90, and
4.26.

Hormone supplementation sustained re-
sponding over about a 6-month period, dur-
ing which some 50 to 70 sessions were con-
ducted with this group of females (not all of
these data are reported here). Beginning
with the 40th session, all females began to
show sporadic unreceptiveness. Unreceptive-
ness was usually evident at the very beginning
of a session and did not often emerge during
a session.

Discussion

None of the tone or odor conditions
seemed to function as reinforcing or punish-
ing consequences of responding. All subjects
responded spontaneously with sufficient fre-
quency that any effects of consequences
should have been noted. Although the tone
was not expected to produce an effect, it was
expected that perhaps odors derived from ei-
ther the bedding of the male or directly from
the preputial gland would be effective rein-
forcers, even for sexually naive females. Carr,
Loeb, and Dissinger (1965), for instance,
have shown that odors play an important role
in the modulation of sexual behavior in rats.
Although there may have been a slight indi-
cation of some effectiveness of the preputial
gland scent, the magnitude of this effect
paled in comparison to the effect of access to

the male as a reinforcer. There can be little
doubt that the odors reached the females, be-
cause both the automated switching of the air
pump pressure and negative pressure created
by the exhaust fan quickly filled the nose-
poke cylinder following a breaking of the
photocell beam that recorded a response.

Several points of comparison to the con-
ventional results with food reinforcers are
worthy of note. First, the overall rate of re-
sponding, even with well-trained subjects, was
quite low. Informally, it appeared that the fe-
males had a lower overall activity level than is
typical with hungry rats. Although this may
represent a difference in the energizing ef-
fect of sexual motivation, other aspects of the
procedural differences between food and sex-
ual reinforcement may also be at play.

The difference between FR performance
with sexual reinforcement and food rein-
forcement or even wheel-running reinforce-
ment (lversen, 1993) is quite striking. Despite
10 sessions of training on FR 25, for instance,
Subject 4’s responding remained generally
slow and erratic. The failure to observe typi-
cal pause-run sequences may derive from an
intrinsic property of sexual reinforcement or
may reflect particular procedural differences.
For instance, the ratio criteria were increased
every few sessions until the final value was
reached; this may have in effect rendered the
FR schedule more variable than would be the
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case if more training sessions had been pro-
vided. Moreover, the variable duration of the
reinforcer may have interfered with the de-
velopment of the pause-run sequence.

Figure 4 suggests a possible point of simi-
larity to one aspect of food-reinforced FR per-
formances; responding seemed to gather into
runs or bursts. The distribution of IRTs sug-
gests that responding occurred in relatively
high-rate bursts of responding separated by
variously prolonged IRTs. This would be ex-
pected on the basis of the contingency be-
tween response rate and reinforcement rate
that is inherent in ratio schedules. In con-
trast, variable-interval (V1) schedules provide
a relatively weak response-rate reinforcement-
rate contingency. It is interesting that parallel
analyses of VI performance for food rein-
forcement in rats suggest less prominent
short-IRT modes (Anger, 1956; Kintch, 1965).
It should be noted, however, that these ex-
periments used a bar-press response rather
than the nose-poke response used in the pres-
ent study.

The session duration of an average of only
5.4 reinforcers per session is clearly a limiting
factor for the study of sexual reinforcement.
This low number obviously poses a problem
for the use of sexually reinforced behavior in
steady-state experiments, much less the anal-
ysis of simple contingency effects.

Another limiting factor is the span of time
over which the hormone replacement pro-
cedure seems to be capable of maintaining
receptiveness in the female. Although the
persistence of receptiveness shown here is
sufficient to allow useful experimentation, it
would be helpful to extend and stabilize the
period of receptiveness induced by hormone
replacement.

EXPERIMENT 2

It appears from the above results that the
behavioral preparation for the functional
analysis of sexual reinforcement should be
modified so that more data can be extracted
from the time during which hormone re-
placement treatments are effective and sta-
ble. In the following experiment several mod-
ifications were made to accomplish this goal.
The first and most direct was the replacement
of hormone injections by implantation of a
slow-release estrogen-filled silastic capsule.
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The second change was the replacement of
the nose-poke response with a nose-press re-
sponse, a response that should have a lower
spontaneous rate of occurrence so that con-
tingency effects will constitute a higher pro-
portion of control over responding. Third,
the rat strain was switched to Sprague-Dawley
on the basis of informal indications from oth-
er laboratories that these females might be
more receptive (Pfaff, personal communica-
tion, 1996). The third modification addresses
the limitation imposed on session duration by
male ejaculation after 12 intromissions at
most. Coopersmith, Candurra, and Erskine
(1996) have shown that females will allow suc-
cessive intromissions by more than one male.
Using this observation, we attempted to ex-
tend test sessions by modifying the test cham-
ber to allow 2 male rats to serve alternately
as the target rat. In our new test chamber, the
experimenter used a gate to select which
male was available to the female when the
partition was lifted.

Method

Subjects. Five sexually naive and ovariectom-
ized female Sprague-Dawley rats were pur-
chased from Charles River Laboratories and
were delivered at 225 g body weight. They
were housed as the subjects were in Experi-
ment 1. Hormone replacement was accom-
plished by subcutaneous implantation under
pentobarbital-ketamine general anesthesia of
5-mm silastic tubes filled with estradiol ben-
zoate powder. The rate of diffusion of the
hormone into the blood stream maintains a
systemic level comparable to that of estrus
(Parsons, Krieger, McEwen, & Pfaff, 1979).

Four sexually experienced Sprague-Dawley
male rats were purchased as retired breeders
from Charles River Laboratories. These ani-
mals weighed approximately 350 g on deliv-
ery.

Apparatus. The test chamber used in this
experiment is shown in Figure 5 and is dif-
ferent from that used in Experiment 1 in sev-
eral respects. The male’s compartment was
widened so that 2 males awaited the female.
A movable vane allowed the experimenter to
determine which chamber the female en-
tered when the partition was lifted. In addi-
tion, the manipulandum was a pigeon re-
sponse key centered on the female’s side of
the partition wall, 2.5 cm from the floor. The
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Fig. 5. This version of the test chamber is physically and operationally very similar to that shown in Figure 2
except that 2 male targets are available as reinforcers. The males are located in the two chambers on the left, separated
by the movable vane. The experimenter selected which male would be the target on a given trial by manually

positioning the vane.

response detector was a 1.5-cm plastic disk re-
cessed 0.4 in the partition surface. The spon-
taneous level of nose presses was generally
much lower than the nose-poke response. No
odorants were presented in this experiment.
The female’s compartment was 20 cm by 20
cm by 20 cm and was somewhat smaller than
that used in Experiment 1. Otherwise, the
two test chambers were physically and oper-
ationally identical.

Procedure. Each session started with 2 ran-
domly selected target males in the male’s
compartments. The first male to receive the
female was selected at random by the com-
puter. Thereafter, each male received the fe-
male on alternating bouts of three successive
trials. To switch target males, the experi-
menter repositioned the vane separating the
male’s compartments. If a male failed to ap-
proach the female within 45 s, the trial was
terminated and the vane was shifted to select
the other male on the subsequent trial. If a
male ejaculated, the vane was switched to the
other male on the next trial and the original
male was replaced. The session ended when

the female failed to respond within 4 min of
trial initiation.

Results

The nose-pressing response was established
in 4 of the 5 female rats by reinforcing suc-
cessive approximations (shaping). The aver-
age number of shaping sessions required for
shaping here was 6.5, and the average num-
ber of reinforcers required was 53. For indi-
vidual subjects the mean number of sessions
required for shaping were 3, 5, 8, and 10 and
the mean number of reinforcers required
were 28, 25, 50, and 100. The 5th rat became
unreceptive to the males after nine sessions
of training, perhaps because of a faulty cap-
sule implant. Testing was continued for 42
sessions over a 4-month period, with no in-
dication of a decline or instability in female
receptiveness.

Once responding was well established, the
2-male target procedure succeeded in in-
creasing the average number of reinforcers
per session from 5.8 in Experiment 1 to 15.1.
For individual subjects the mean number of
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reinforcers per session were 8.3, 26.0, 14.7,
and 11.35. The maximum observed was 66
intromissions, which vastly exceeds the num-
ber of intromissions in the naturally occur-
ring ejaculatory sequence (normally a maxi-
mum of 12). That the males were capable of
this number of intromissions without ejacu-
lation was unexpected and is presumably a
result of the pattern of alternating access to
the female.

Discussion

Shaping the nose-press response was some-
what more time consuming than is usually
the case with food reinforcers. In a similar
experiment not reported here, nose pressing
was shaped in female rats for food reinforce-
ment instead of sexual reinforcement. Using
the sexual reinforcement test chamber, they
were fed when they got to the otherwise emp-
ty male’s compartment and were returned to
the female’s compartment by the same meth-
od used in the present experiments. Three
rats learned the response in the first session,
and all 7 had learned by the third. The max-
imum number of required reinforcers was 30.
Although it may be of interest to assess the
origins of this apparent difference in the ease
of shaping, it is more important to note from
these observations that shaping with sexual
reinforcers is not insurmountably difficult
and can be done successfully with a response
that has a low operant level.

These data do not allow a conclusion to be
drawn about the effects of the implanted cap-
sule estrogen delivery system on the stability
and persistence of female receptiveness. The
termination of the experiment after 42 ses-
sions precluded a clear picture of the decline
of receptivity. In other respects, however, the
method was clearly superior to the regular in-
jections used in Experiment 1. Injections in-
variably produced squealing and often result-
ed in the accumulation of a bolus of the oil
vehicle under the injection site, sometimes
lasting several weeks. The capsules, on the
other hand, showed no sign of irritating the
females, and there were no complications
from the surgery.

The use of 2 male targets is probably the
most important modification introduced in
Experiment 2. Doubling the number of tar-
gets nearly tripled the number of reinforcers
per session. On most sessions, over 20 rein-
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forcers were earned. Because the sessions in
Experiment 1 were invariably ended by ejac-
ulation rather than by a failure of the female
to respond, the length of the session was lim-
ited by the male, not the female. In the pres-
ent procedure, sessions were ended only
when the female stopped responding. This
observation is of special interest because it so
greatly exceeds what is expected from both
males and females on the basis the normal
mating pattern. Clearly the system that ac-
complishes normal mating is quite capable of
different behavior patterns when the situa-
tion is not normal. Equally clearly, an under-
standing of sexual motivation based exclusive-
ly upon naturalistic observations of normal
patterns is likely to be in error.

GENERAL DISCUSSION

Sexual reinforcement has been demon-
strated to be a manageable reinforcer for the
kind of functional analysis that has illuminat-
ed the nature of other reinforcers such as
food and water. On the other hand, our ini-
tial observations indicate that there may be
important differences between this reinforcer
and, for instance, food as a reinforcer. This is
not to say that the differences are intrinsic to
the reinforcer types. They could as well be
related to a host of more superficial proper-
ties of the sexual reinforcement versus the
food reinforcement procedures. Numerous
procedural differences are necessary to allow
sexual reinforcement. Most conspicuously,
the reinforcing event is different from the
consumption of a food pellet. The sexual en-
counter takes almost a minute to unfold, on
average, and may have inherent aversive
properties that carry over in the postrein-
forcement period (Erskine, 1989). Further,
there is considerable variability in the presen-
tation of sexual reinforcement because it in-
volves another rat and is, therefore, inevitably
a complex event. Finally, it is not altogether
clear that the reinforcer used here is actually
sexual in nature. We have not controlled for
the possibility that the female might have re-
sponded for simple social access to the male.

It is also the case that the sexual reinforce-
ment procedure involves quantitative prop-
erties that are quite different from those of
the typical food reinforcement procedure.
For instance, there is a substantial and vari-
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able delay between the correct response and
the intromission, which, although it was sig-
naled by a tone as a conditioned reinforcer,
may have substantially weakened the effec-
tiveness of the presumptive reinforcer. In ad-
dition, the delay between response opportu-
nities as well as the relocation and handling
of the animal between response opportuni-
ties might have important effects.

In all, it is not possible from these data to
draw any conclusions about fundamental dif-
ferences between food and sexual reinforce-
ment. The procedural and quantitative dif-
ferences may indeed fully explain the
patterns of behavior observed here. In sup-
port of this conclusion, running-wheel activi-
ty, another noningestive, probably nonho-
meostatic reinforcer, can function much like
food reinforcement in its effects on rein-
forced responding (lversen, 1993).

Although we are without a clear indication
of the underlying mechanisms that support
the observations reported here, it is never-
theless important to note that our procedures
bring to light a variety of interesting differ-
ences that must be considered in the design
of future experiments and that pose ques-
tions for experimental analysis. For instance,
the sexual reinforcer seems to be rather less
easily put to the task of differentiating novel
behavior (shaping). Although this does not
pose a formidable obstacle to experimenta-
tion, an adaptation of the usual techniques
that might improve the efficiency of such ex-
perimentation would be welcome. One the-
oretically interesting interpretation of this re-
sult is that it might be related to the informal
observation that females exhibited much less
exploratory behavior during the shaping ses-
sions than is usually the case with food-de-
prived subjects. This might be an intrinsic
property of sexual motivation that would con-
strain the learning of new responses.

Sexual reinforcers, as used here, appear to
be less effective than food reinforcers (as typ-
ically arranged) in strengthening and main-
taining an operant response. Although a sta-
ble response was established with both of the
operants presented here, the rate of occur-
rence, even on FR schedules, was lower than
that commonly associated with food-rein-
forced responding. Moreover, the pattern of
responding on FR schedules over extended
training showed no signs of increasing
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strength or more coherent pause-run pat-
terning. These rather large differences invite
further experimentation to isolate their ori-
gins. We are hopeful that the sexual rein-
forcement procedure described here may be
a useful preparation for that analysis.
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